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For the ﬁrst time in human history, more people across the world live in cities than in rural areas: In the
U.S., approximately 80% of the population live in cities. Socially vulnerable populations and complex
infrastructure exist in higher numbers in cities signiﬁcantly compounding risk. People facing these social
factors have disproportionate exposure to risk and a decreased ability to avoid or absorb potential loss.
However, the body of literature available on social vulnerability is disparate with fragmented insight into
understanding the relationship between social factors that increase vulnerability and practical ap-
proaches to reduce risk. This research focuses on developing a replicable, practical approach to under-
standing the complexity of social vulnerability in American cities while reducing the likelihood of civil
rights violations. The Social Determinants of Vulnerability Framework (The Framework) was developed
using a link analysis of social factors from existing literature. The Framework consists of seven inter-
related social factors that seem to be driving vulnerability: children, people with disabilities, older adults,
chronic and acute medical illness, social isolation, low-to-no income, and people of color. The Framework
also includes speciﬁc poor outcomes that people with pre-emergency social factors are more likely to
experience at disproportionately higher levels after emergencies: lack of access to post-incident services;
displacement; injury, illness, and death; property loss or damage; domestic violence; and loss of em-
ployment. A quantitative analysis of those social factors based on City of Boston data conﬁrmed many of
the relationships among the social factors of vulnerability and the signiﬁcance of social isolation.
& 2014 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
For the ﬁrst time in human history, more people across the
world live in cities than in rural areas [45]. Approximately 80.7% of
the United States population lives in metropolitan areas [47]. The
growing concentration of people, assets, and infrastructure in
conjunction with the threats and hazards from natural, technolo-
gical, and human-caused events means that the loss potential in
urban areas is high and continues to rise [45]. This population
density also means socially vulnerable populations exist in higher
numbers, further compounding risk in cities [17].
The social systems in cities are complex. People depend upon
intricate social and physical infrastructure, such as health and
human services, public transportation, and utility networks such
as water, electricity and telecommunications [17]. The potential for
poor outcomes after disasters in cities increases based on these
complex systems, a higher density of people, and larger numbers
of socially vulnerable people [24,41]. The daily circumstances oftd. This is an open access article u
A 02136, USA
mpeople are signiﬁcant factors in cities’ ability to withstand the
impact of an emergency [28].
Social vulnerability is the susceptibility of social groups to the
impacts of hazards such as suffering disproportionate death, in-
jury, loss, or disruption of livelihood; as well as their resiliency, or
ability to adequately recover from the impacts [14,55]. This sus-
ceptibility is a function of the demographic characteristics of the
population as well as more complex conditions such as health care
provision, social capital, and access to lifelines [14]. Furthermore,
at-risk populations have a higher likelihood to be socially isolated,
which has proven to be an indicator of increased mortality before
and after disasters [31,39]. Socially vulnerable populations are
faced with a comparatively higher number of stressors before an
emergency ever happens [26]. However, if community and gov-
ernment services are equitable and accessible before and after
emergencies, socially vulnerable populations can have the same
opportunities as everyone else to be more resilient [11]. When
socially vulnerable populations are more resilient it increases the
overall resilience of the city.
Researchers have identiﬁed many people as being socially
vulnerable including those with social factors associated with
being children, older adults, people of color, low-income, livingnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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suffer from chronic physical and mental illness, disabilities, and
low-literacy. Socially vulnerable populations have a dispropor-
tionate exposure to risk and a decreased ability to avoid or absorb
potential harm.
Emergency management planning identiﬁes the actions local
government will take before, during, and after emergencies. The
current process to develop plans focuses on reducing the impact of
emergencies on critical infrastructure, assets, and the environ-
ment. However, they do not include ways to reduce the impact of
emergencies on people. Therefore, efforts often result in munici-
palities preparing for emergencies without accounting for the
complex interaction of social, physical, and hazard environments
[51]. Existing plans are designed for people who can walk, run,
drive, see, hear, pay, and quickly respond to directions [25,30]. The
assumptions do not align with the reality that at least half of the
American population can be considered vulnerable to disasters
because of their existing social circumstances [30]. The approach
to emergency planning has to shift to incorporate the diverse
needs of socially vulnerable people into mitigation, response, and
recovery.
Many people who are considered socially vulnerable are also
protected by civil rights. When there is a lack of inclusive planning,
jurisdictions may be inadvertently violating civil rights. Civil rights
statutes and supporting federal guidance protect the rights of
Americans so that they are not denied the beneﬁt from or parti-
cipation in federally-funded programs and activities on the basis of
race, color, national origin, disability, age, economic status, or
limited English proﬁciency [35,40,48]. Cities are not compliant
with the protection afforded by these rights if these populations
are not represented in the planning process, included in the con-
siderations for emergency management plans, or post-incident
services provided by local, state, federal, and nongovernmental
organizations. The lack of inclusion is de facto exclusion and re-
sults in local government developing and executing plans that do
not meet the needs of their constituents and potentially violates
their civil rights. The Social Determinants of Vulnerability Frame-
work (see Appendix A) was developed to identify the relationship
between social factors that increase vulnerability in order to
support inclusive emergency planning and social resilience.
Although people are not responsible for the occurrence of a
natural disaster, we can change the severity of the consequences
[1]. The impact of a disaster on any community is not random; it is
determined by the daily circumstances of people living in the area
[32].2. Purpose
This research focuses on developing a replicable, practical ap-
proach to understanding the complexity of social vulnerability in
American cities for policy makers and emergency planners across
all sectors of government and industry, particularly emergency
management and public health emergency preparedness. Ideally,
the results of this research can be used to complement existing
risk assessments and hazard vulnerability analyses to increase
social resilience. The study was conducted in two phases. This
paper focuses on the second phase. However, to have full context
of the second phase of the research, an overview of the ﬁrst phase
is included.
The ﬁrst phase of the research identiﬁes the co-existence of
social vulnerability categories and the social, physical, economic,
and psychological health impacts of exposure to hazards. The goal
was to develop a Social Determinants of Vulnerability Framework
that focused on the characteristics of social vulnerability and their
associated impacts. The research questions for the ﬁrst phasewere: What are the socially factors that contribute to vulnerability
in cities that appear in the literature? What are the relationships
between the social factors that appear in the literature with other
social factors that also appear in the literature?
For the second phase, the Social Determinants of Vulnerability
Framework was applied to the City of Boston to determine if the
relationships between social factors as identiﬁed in the literature
remain consistent based on data for a city. Additionally, this study
identiﬁes the geographic distribution and the strength of the re-
lationships between the social characteristics that increase
vulnerability.
The social factors of vulnerability are closely related. Existing
literature does not take into account the manner in which social
vulnerability factors are often compounded to produce negative
consequences before, during, and after emergencies. Emergency
planners are often faced with long lists of categories of people that
are considered vulnerable. The sheer volume and unclear co-oc-
currence of these factors becomes a practical challenge in identi-
fying the most vulnerable populations within a community. The
tension between the volume of social factors and the need to focus
scarce resources impedes the development of strategies to reduce
socially vulnerable people’s exposure to harmful public health and
safety consequences of emergencies.
In order to answer to the previous questions, this study used a
mixed methods approach in two phases. First, a grounded theory
approach was used to develop the Social Determinants of Vul-
nerability Framework which shows the interrelationships between
social factors to determine which ones were most related to other
social factors. Sixty-three social vulnerability attributes and their
relationships to other social factors were uploaded into Touch-
Graph Navigator, a link analysis software. Social network analysis
logic was used to identify the relationships between each social
factor and associated social factors. This process is similar to social
network analysis and is beneﬁcial because of its ability to reveal
patterns in complex data that would be undetectable using other
analytic approaches [33]. This methodology identiﬁed co-occur-
rence and frequency of co-occurrence across attributes. The result
of this analysis is the Social Determinants of Vulnerability Fra-
mework which depicts the co-existing socially factors on which to
focus mitigation, response, and recovery planning.
The second phase, and the primary focus of this paper, is the
application of the Social Determinants of Vulnerability Framework
to the City of Boston. For each social condition or characteristic, the
geospatial hot spots were identiﬁed. In order to compare the re-
lationships in the literature to the Boston data, a correlation ana-
lysis was conducted for social factors from the Social Determinants
of Vulnerability Framework at the city level and for each neigh-
borhood. In order to explore the relationship between social iso-
lation and social vulnerability, the author conducted a regression
analysis using social isolation as the dependent variable and the
remaining social factors from the Framework as the independent
variables.3. Social vulnerability, social isolation, physiological impacts,
and resilience
The potential for poor outcomes after disasters in cities is in-
credibly high as the result of the complex infrastructure, higher den-
sity of people, and large numbers of socially vulnerable populations
[15,24,41]. Social vulnerability is the result of pre-emergency social
factors that create a lack of capacity or capability to prepare for, re-
sponse to, and recover from emergencies. Social vulnerability includes
people who are more likely to suffer disproportionately because of
their existing social circumstances such as those associated with
age, gender, race, medical illness, disability, literacy, and English
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likelihood of social isolation, which is a lack of engagement in social
ties, institutional connections, or community participation [39,43].
Social isolation in daily life or post-disaster is directly correlated with
higher mortality [32,39].
Socially vulnerable people are disproportionately exposed to
daily adversities. This constant exposure to stressors deteriorates
their physical and cognitive health resulting in a comparatively
higher allostatic load. Allostatic load is the sum of the body’s re-
actions to stressful events. The types of exposures people experi-
ence in their lives before an emergency that increase allostatic
load include: exposure to illness; residential instability (including
displacement); death or illness of a close loved one; social isola-
tion; limited opportunity to make their own decisions; and ex-
posure to threat or violence [26]. The results of this research in-
dicate that many of these same exposures are also driving in-
creased vulnerability for those who are already socially vulnerable
after an emergency.
There are many approaches to identifying social vulnerability
and resilience [12]. One of the common approaches to social vul-
nerability is the Social Vulnerability Index (SoVI). The original SoVI
model was based on 42 characteristics that represent social vul-
nerable and included the quality of human settlements and the
built environment [13]. Existing risk analyses conducted by cities
includes considerations for housing stock and the built environ-
ment. The goal of this research is to develop a practical approach
that can be incorporated with existing risk assessments cities are
already conducting. Since the SoVI method includes variables that
are already considered in risk assessments, it was not an ideal tool
since it will result in duplication of variables and unclear results.
Additionally, SoVI is based on a complicated statistical analysis
that is difﬁcult to explain to city leadership, emergency planners,
other policy makers, and community members [14,42]. Another
challenge is that the existing measures were gathered at the
county level, which is not granular enough for a city or neigh-
borhood analysis [56]. There have been studies that apply SoVI to
the local level indicating utility, but much of the data used in SoVI
is not available at the local level thereby requiring adjustment to
the variables [4,42,56]. There are also factors included that, in and
of themselves, may not result in social vulnerability. For example,
renting, in isolation of any other social factors, does not auto-
matically mean that someone is transient or does not have ﬁ-
nancial resources as indicated in the SoVI model. In large American
cities an average of 30% (up to 50% in some cities) of the popula-
tion rents, which includes some people who do not have a low
socioeconomic status [38]. Finally, SoVI looks at compositie social
factor in isolation of one another with the primary purpose of
comparing counties to one another and quantifying social vul-
nerability using an algorithm. However, we know that many social
factors are correlated and the culmination of these social factors
increase vulnerability [10]. In order to determine those who are
most vulnerability, urban municipalities need to better understand
the manner in which social factors interact.
Resilience is a term that is often used in many disciplines. The
focus of resilience for this research is on social or community re-
silience as deﬁned by Chandra et al. [11]:
“Community resilience entails the ongoing and developing capa-
city of the community to account for its vulnerabilities and de-
velop capabilities that aid that community in (1) preventing,
withstanding, and mitigating the stress of a health incident;
(2) recovering in a way that restores the community to a state of
self-sufﬁciency and at least the same level of health and social
functioning after a health incident; and (3) using knowledge from
a past response to strengthen the community’s ability to with-
stand the next health incident.”In this context, a health incident is an emergency or disaster
that threatens people’s health. This deﬁnition is similar to the
United Nations Ofﬁce for Disaster Risk Reduction and the de-
scription used in the FEMA National Mitigation Framework. FEMA
delineates the dimensions of resilience as social, economic, natural
and cultural, technical, and organization. Resilience has also been
discussed in literature in the context of dimensions or types: so-
cial, economic, community, institutional, housing/infrastructure,
and environment [12]. Although there are ongoing debates about
the true deﬁnition of resilience, a common thread is that it is
complex and involves a number of systems [12]. This research
focuses on the social, community, and (household) economic so-
cial factors and therefore those are the aspects of resilience this
research is meant to inﬂuence.4. Social determinants of vulnerability framework
The ﬁrst phase of the research was a qualitative link analysis
based on the literature. The data used were based on existing
social vulnerability literature, recognizing that there are still some
gaps in the populations that have been studied. Ultimately, there
were sixty three social factors found in the literature most ap-
plicable to the urban environment (See Table 1). There are a couple
of notes regarding the categories listed. People of color was a ca-
tegory that the literature also referred to as minorities and often
times was inconsistent with specifying speciﬁc categories or
generalizing across all people of color, so I combined all instances
into people of color while maintaining the individual categories to
capture any nuances in considerations for speciﬁc communities for
future research. Like people of color, people with disabilities was a
category that the literature often times was inconsistent with
specifying categories or generalizing across all types of disabilities,
so all instances were combined into people with disabilities and
maintained the individual categories to capture any nuances in
considerations for speciﬁc types of disabilities. Finally, the low-to-
no income data represents a calculated ﬁeld that combines people
who were 100% below the poverty level and those who were 100–
149% of the poverty level.
The Framework was developed using link analysis or network
analysis to facilitate a grounded theory approach. This process is
similar to social network analysis and is beneﬁcial because of its
ability to reveal patterns in complex data that would be un-
detectable using other analytic approaches [33]. The co-occurrence
of social factors across the literature was modeled using the
TouchGraph Navigator, a link analysis software, to identify the
frequency and strength of relationships between variables. See
Appendix B for more a detailed breakdown of the social factors
that were connected based on the link analysis.
The literature indicated that vulnerabilities exist based upon
pre-incident social circumstances. Some of the literature also
provided insight into the post-incident outcomes from disaster
exposure that socially vulnerable people are more likely to face
because of their existing social circumstances. The initial cate-
gories used to identify pre-incident variables included age, race,
income, household composition, family composition, housing
type, disease/illness, access, language and literacy, non-residents,
gender, and disability [14,30,48]. These categories helped to guide
the literature review to compile a list of 63 social vulnerability
attributes relevant to cities.
Categories for post-incident outcomes included exposure to
injury, death, illness, property damage, losing a love ones, losing a
business, or limited access to recovery services [29]. These out-
comes were extracted from a literature review and provide an
organizational structure that can capture the multiple categories
of vulnerability in to which a person can fall.
Table 1
Social factors associated with vulnerability.
Timeframe Measure/variable Primary attribute
Pre-incident Access Lack of health insurance
Access Lack of public
transportation
Access Lack of vehicle
Access Technology
Access Lack of citizenship/legal
status
Access Immigrants/refugees
Age Children
Age Older adults (65 and older)
Disability Cognitive/developmental
Disability Physical/mobility disability
Disability Sensory
Disability People with disabilities
Disease/illness Chronic and acute medical
illness
Disease/illness Psychological illness
Disease/illness Alcohol dependency
Disease/illness Drug dependency
Education Less than high school
diploma
Family composition Single parent
Family composition Primary/sole caregiver
Family composition Unmarried/single
Gender, gender identiﬁcation,
and sexual orientation
Women
Lesbian, gay, bisexual, and
transgender
Group quarters Adult correctional facilities
College/university student
housing
Juvenile facilities
Daycare centers/schools
Nursing homes
Household composition Head of household
Living alone
Housing type Renters
High-rise
Multi-story/unit buildings
Income Low-income
Poverty
Low-to-no income
Unemployed
Homeless
Language/literacy Limited english proﬁciency
Limited literacy proﬁciency
Living Conditions High population density
No open/green space
Living spaces with fewer
rooms
High-crime areas
Race Asian
Black
Latino/hispanic
Native American
People of color
Social connectedness Low voter turnout
Low political engagement
Social isolation
Temporary populations Tourists
Commuters
Working conditions Outdoor workers
Responders
Post-incident Outcomes/loss Access to services
Injury, illness, or death
Loss of business
Loss of employment
Loss of loved one
Property damage
Displacement
Domestic violence
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identify the related social characteristics that (1) increase vulner-
ability or (2) often coincide with the 63 social factors. Under-
standing the co-occurrence of socially vulnerable characteristics
was an inductive process. The data collected for each attribute was
organized in an Excel spreadsheet utilizing a codebook and in-
ductive reasoning. The spreadsheet was uploaded into the
TouchGraph Navigator software to identify the relationships be-
tween all of the categories from the collected data.
This methodology identiﬁed co-occurrence and frequency of
co-occurrence across attributes. The result of the literature review
and link analysis is the Social Determinants of Vulnerability Fra-
mework (See Appendix A) which depicts (1) the co-existing, pre-
incident socially vulnerable characteristics and (2) the associated
post-incident outcomes. Appendix B contains the speciﬁc pre-in-
cident social factors and associated factors from the link analysis.
There were seven pre-incident social factors that seemed to be
driving social vulnerability based on the number of links to other
pre-incident social factors children, people with disabilities, older
adults, chronic and acute medical illness, social isolation, low-to-
no income, and people of color.
Post-incident conditions represent the types of exposure peo-
ple experience after an emergency. There were a total of eight
post-incident outcomes from the literature. Six of the eight had at
least one link to pre-incident conditions. Lack of access to post-
incident services and displacement were related to the largest
number of pre-incident social characteristics. These two post-in-
cident outcomes are directly related to three of the most fre-
quently occurring pre-incident conditions: social isolation, low-to-
no income, and people of color. The other ﬁve post-incident im-
pacts were exposure to injury, illness, and death; property loss or
damage; domestic violence; and loss of employment.5. Materials and methods
Data was collected for the seven pre-incident social conditions
and characteristics in the Social Determinants of Vulnerability
Framework as well as seven additional social factors (limited
English proﬁciency, renters, less than high school, women, and
lack of vehicle, institutionalized population in nursing homes/
skilled nursing facility, and populations in college/university stu-
dent housing). The addition of these social factors was based on
data regarding the demographic makeup and density of people
living in residential and institutional settings within the City of
Boston [9,5-8]. The additional social factors were also based on the
results from the link analysis used to develop the Framework,
which indicated these social factors had multiple links to other
social factors. The population and their social realities in each city
are unique. Therefore, understanding the demographic makeup is
an important consideration for gathering data used to apply the
Framework. Ultimately, there will remain a baseline set of com-
parable analysis between cities based on the Framework but with
the added ﬂexibility of including additional social factors to de-
termine their correlation based on the variation of the demo-
graphic composition of each city.
Data were collected from the U.S. Census Bureau and Simply-
Map at the census tract level for the City of Boston. Speciﬁcally, the
author used the U.S. Census Bureau’s American Community (ACS)
2008–2012 5-Year Estimates. They are the most reliable of the ACS
estimates and have data at the census tract level which was im-
portant to the ability to conduct spatial analysis within neigh-
borhoods. Data from SimplyMap consisted of two sets from Easy
Analytic Software, Inc. (EASI) discussed below. The data used in
this research were for the following variables: children, people
with disabilities, older adults, chronic and acute medical illness,
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proﬁciency, renters, less than high school education, women, and
lack of vehicle. This allowed for identiﬁcation of relationships and
patterns at the neighborhood and sub-neighborhood level.
5.1. Proxy data
There were a total of twelve variables that represent social
factors that were signiﬁcant in their linkages to other social factors
for the City of Boston. Three of the twelve data variables were
developed using proxy measures for, social isolation, medical ill-
ness, and lack of vehicle. Social isolation was deﬁned based on the
Berkman–Syme Social Network Index (SNI), which focused on
marriage or partnership, frequency of contact with friends and
family, frequency of religious participation, and group member-
ship [39]. Data were additively combined for three variables. The
ﬁrst variable was the sum of families that had either a female or
male householder who had no spouse present and children under
18. The second variable is non-family households with persons
older than 65 living alone. The ﬁnal variable was people with no
membership to: a fraternal order, body of government, religious
club, civic club, country club, business club, collectors club, union,
school or college board, church board, charitable organizations, or
AARP. The limitation of this data is that lack of membership may
overlap with older adults living alone or single parent households.
This overlap may result in some overestimations in the number of
people counted as socially isolated. Overall, the lack of member-
ship data in most neighborhoods was much smaller than data for
single parent households and older adults living alone. In neigh-
borhoods with small numbers of older adults and single parent
households, the number of people lacking memberships was
higher. Membership had a balancing effect of the total number of
people considered socially isolated. The source of this data is the
Easy Analytic Software, Inc. (EASI) Mediamark Research (MRI)
annual study based on a national sample of 26,000 consumers
used to develop a model at the census tract level.
The second variable that is a proxy measure is medical illness
which is based on EASI data accessed through SimplyMap. Health
data at the local level in Massachusetts is not available beyond zip
codes. EASI modeled the health statistics for the U.S. population
based upon age, sex, and race probabilities using U.S. Census Bu-
reau data. The probabilities are modeled against the census and
current year and ﬁve year forecasts. Medical illness is the sum of
asthma in children, asthma in adults, heart disease, emphysema,
bronchitis, cancer, diabetes, kidney disease, and liver disease. A
limitation is that these numbers may be over-counted as the result
of people potentially having more than one medical illness.
Therefore, the analysis may have greater numbers of people with
medical illness within census tracts than actually present. Overall,
the analysis was based on the relationship between social factors.
Therefore, the analysis may not be impacted enough to distort the
results.
The ﬁnal variable, lack of a vehicle, was not intentionally proxy
data. The author pulled the data from SimplyMap. Upon further
review of the metadata after conducting all of the quantitative
analyses, the ﬁeld was based on estimates calculated by the using
2012 ACS data from the U.S. Census Bureau. The estimates were
smaller than the total number of people without vehicles reported
in the ACS three-year estimates and other data sources.
5.2. Mapping
Data collected from the U.S. Census Bureau American Com-
munities Survey 2008–2012 5-year estimates and SimplyMap was
joined with the 180 census tracts in the City of Boston by GEOID10
in ArcGIS mapping software. ArcGIS was used to conduct a censustract based hot spot analysis using the Getis-Ord Gi statistic to
identify statistically signiﬁcant spatial clusters of hot spots and
cold spots.
Each of the 180 census tracts were assigned to Boston neigh-
borhoods as designated by the Boston Redevelopment Authority
planning districts. This allowed for a correlation analysis with each
social factor for the city as a whole and within each of Boston’s 16
neighborhoods. The hot spots and the social factors highly corre-
lated with social isolation were used to describe the citywide and
neighborhood social conditions and characteristics to inform
emergency management.
5.3. Correlation and regression analysis
A linear regression analysis was conducted at the city level with
social isolation as the dependent variable and the other socially
vulnerable attributes independent variables. The author also con-
ducted multiple correlation analyses using the Pearson correlation
coefﬁcient. The ﬁrst correlation analysis was based on citywide
data at the census tract level. The correlations with a Pearson
r40.6 and Po0.05 were included in the ﬁnal list of social factors
used to develop a Social Determinants of Vulnerability Framework
speciﬁcally for the City of Boston. The second set of correlation
analyses were conducted at the neighborhood level. Since the
variables were closely related to one another, the author held a
higher threshold for correlation (r40.70, Po0.05) for the neigh-
borhood analysis. The social characteristics and conditions that
correlated with social isolation represent the most socially vul-
nerable people in the community. This was a guiding principle in
highlighting the most vulnerable groups within each of the Boston
neighborhoods.6. Findings and results
Based on the Social Determinants of Vulnerability Framework,
the relationships between the seven social conditions and char-
acteristics in the City of Boston become more complicated (See
Appendix A). Overall, the model remained relatively unchanged.
However, some of the relationships between the social conditions
and characteristics in the framework are not as interrelated in
Boston as the literature suggests. For example, older adults and
low-to-no income were not as correlated with other social char-
acteristics. Also, children were not correlated with medical illness
or low-to-no income.
The variables added based on data for Boston demographics
further complicated the model. Social isolation remained a key
variable and actually became even more signiﬁcant in its direct
relationship with other social factors. As seen in Table 2, it was
correlated with all attributes directly except people without ve-
hicles. However, people without vehicles were related to renters,
which was directly associated with social isolation.
Based on these results, the author was able to modify the ori-
ginal Social Determinants of Vulnerability Framework into a new
framework speciﬁc to Boston. The original Social Determinants of
Vulnerability Framework, the Boston Social Determinants of Vul-
nerability Framework and the expanded pre-incident Framework
for Boston can be found in Appendix A.
6.1. Citywide geographic concentration of Social Determinants of
Vulnerability Factors
People who have multiple social factors of vulnerability are
likely to be more exposed to negative post-incident outcomes than
those who do not [37]. The mapping of each social factor of the
Boston Social Determinants of Vulnerability Framework is most
Table 2
Correlations for socially vulnerable populations in the City of Boston.
Social vulnerability All correlations (Pearson r)
Social isolation Low-to-no income (0.685); Less than high school (0.654); Women (0.663); Renters (0.648); People with
disabilities (0.873); Children (0.803); Older adults (0.736); Limited English proﬁciency (0.820); People of
color (0.762); Medical illness (0.754)
Limited English proﬁciencya Social isolation (0.820); Less than high school (0.674); Women (0.619); Medical illness (0.666); Children
(0.649); People of color (0.735); Renter (0.734); People with disabilities(0.823); Low-to-no income (0.957)
People with disabilities Social isolation (0.873); Older adults (0.642); Children (0.789); Low-to-no income (0.722); Limited English
proﬁciency (0.823); Less than high school (0.729); People of color (0.803); Medical illness (0.629)
People of color Social isolation (0.762); People with disabilities (0.803); Children (0.801); Low-to-no income (0.721); Limited
English proﬁciency (0.735); Less than high school (0.782)
Medical illness Social isolation (0.754); People with disabilities (0.629); Older adults (0.676); Limited English proﬁciency
(0.666); Women (0.967); Renters (0.706)
Rentersa Social isolation (0.648); Women (0.694); Low-to-no income (0.701); Limited english proﬁciency (0.734);
Medical illness (0.706); Lack of vehicle (0.896)
Low-to-no income Social isolation (0.685); Less than high school (0.641); People with disabilities (0.722); Limited English
proﬁciency (0.957); People of color (0.721); Renters (0.701)
Children Social isolation (0.803); Limited English proﬁciency (0.649); People of color (0.801); People with disabilities
(0.789); Less than high school (0.725)
Less than high schoola Social isolation (0.820); Low-to-no income (0.641); Limited English proﬁciency (0.957); People with dis-
abilities (0.729); Children (0.725)
Womena Social isolation (0.663); Limited English proﬁciency (0.619); Renter (0.694); Medical illness (0.967)
Older adults Social isolation (0.736); Medical illness (0.676); Disability (0.642)
Lack of vehiclea Renters (0.896)
Institutionalized population in nursing homes/skilled
nursing facilitya
N/A
College/university student housinga N/A
N/A: these social factors did not have a signiﬁcant correlation with any of the Social Determinants of Vulnerability or each other.
a Added to the correlation analysis of social factors for the Boston Social Determinants of Vulnerability Framework.
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analysis used to develop the Framework. The goal is to understand
the relationships between the social factors of vulnerability at the
neighborhood level. For each map, emergency planners can begin
to consider the other social factors people may be facing in those
areas in the City of Boston.
The original Social Determinants of Vulnerability Framework
indicated that post-incident outcomes (lack of access to post-in-
cident services; displacement; injury, illness, and death; loss of
employment; property damage; and domestic violence) were
most related to three social factors: social isolation, low-to-no
income, and people of color. Mattapan, Roxbury, and South
Dorchester had multiple census tracts with statistically signiﬁcant
concentrations of people who were socially isolated, low-to-no
income, and people of color. Therefore, these three neighborhoods
are most likely to have the largest exposure to post-incident im-
pacts. The maps from the hot spot analysis can be found in Ap-
pendix C.
6.2. Social isolation and social vulnerability
The Social Determinants of Vulnerability Framework is based
on a link analysis of data from the literature to show the most
connected social factors in vulnerability. Social isolation had the
most links to pre-incident social factors. The regression analysis
conﬁrmed the signiﬁcance of the relationship between the social
isolation and the social factors in the Social Determinants of Vul-
nerability Framework. As seen in Table 3, the model explained
over 95% of the variation in social isolation. Eight attributes ex-
plained social isolation the best: people with disabilities, children,
older adults, low-to-no income, less than high school education,
people of color, women, and renters. Further, people with limited
English proﬁciency were highly correlated with all eight social
factors.Social isolation has been validated as being driven by social
vulnerability via link analysis based on the literature, correlation
analysis (citywide and within neighborhoods), and regression
analysis further solidifying the strong relationship between social
isolation and social vulnerability. For this reason, social isolation
was used as the primary social factor to examine vulnerability at
the neighborhood level.
6.3. Social Determinants of Vulnerability within Boston
neighborhoods
The results suggest that one of the most socially vulnerable
populations across the city is women who do not have a vehicle,
rent, and have a medical illness. In 12 out of 16 neighborhoods,
lack of vehicle, medical illness, renter, and women were strongly
correlated with social isolation (r40.7 in every case, with most
being r40.8). Additionally, these four variables were clustered
together in eight neighborhoods: Back Bay/Beacon Hill, Down-
town, East Boston, Hyde Park, Jamaica Plain, Mattapan, South
Dorchester, and South End. Some of the clusters were correlated
with social isolation as well as other social factors, which are de-
scribed in the neighborhood summary below. In East Boston, Hyde
Park, Mattapan, and Roxbury, social isolation was correlated with
all of the social factors in the Social Determinants of Vulnerability
Framework. The circumstances of socially vulnerable populations
in these neighborhoods were very closely related to one another
and, therefore, they have higher vulnerability.
Table 4 provides an overview of the most socially vulnerable
populations in each of the neighborhoods. The analysis is based on
the correlation analysis showing an existence of a relationship
between social isolation and each of the other social factors as
described in Table 4 (r40.70, Po0.05) and the social factors that
had a high likelihood of being related to many other social factors.
The hot spot analysis at the citywide level provided additional
Table 3
Model of social isolation in Boston, MA.
Model summary
Model R R Square Adjusted R Square Std. error of the
estimate
1 .975a .951 .949 59.837
Coefﬁcientsb
Model Unstandardized coefﬁcients Standardized Coefﬁcients T Sig.
B Std. Error Beta
1 (Co-
nst-
ant)
16.534 10.937 1.512 .132
Tot-
Dis
.164 .042 .167 3.872 .000
Tot-
Chil-
d
.247 .021 .428 11.560
.000
Old-
erA-
dult
.271 .036 .249 7.608 .000
Lo-
w_t-
o_No  .050 .015  .132 3.379
.001
Less-
Tha-
nHS
 .084 .027  .100  3.127
.002
POC2 .040 .008 .215 5.217
.000
Wo-
men
 .065 .031  .181  2.089
.038
Me-
dIll-
nes
.055 .044 .127 1.251 .213
No-
Ve-
hicle
 .028 .029  .041  .965 .336
OC-
C_R-
EN-
TER
.241 .028 .484 8.483 .000
a Predictors: (Constant), OCC_RENTER, TotChild, OlderAdult, LessThanHS, Women, Low_to_No, POC2, NoVehicle, TotDis, MedIllnes.
b Dependent Variable: SocIsol.
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Table 4
Neighborhood-level social factors that correlate with social isolation.
Fenway/Kenmore .760 .444 .738 .701 .808 .595 .262 -.027 .922 .305 .940
Harbor Islands
Hyde Park .952 .864 .988 .971 .986 .886 .971 .987 .943 .988 .885
Jamaica Plain .918 .825 .680 .886 .905 .769 .863 .903 .892 .893 .866
Mattapan .918 .792 .768 .781 .868 .774 .977 .947 .986 .923 .968
North Dorchester .960 .825 .893 .233 .425 .770 .534 .746 .394 .836 .689
Roslindale .845 .913 .664 .813 .939 .350 .741 .954 .935 .931 .859
Roxbury .931 .916 .853 .871 .901 .720 .934 .802 .973 .771 .891
South Boston .725 .649 .805 .653 .823 .735 .473 .849 .943 .817 .877
South Dorchester .859 .815 .704 .375 .551 .702 .623 .969 .979 .963 .871
South End .556 .730 .535 .667 .729 .473 .698 .878 .901 .833 .854
West Roxbury .516 .789 -.004 0.91 .972 .745 0.918 .597 .956 .504 .582
r > 0.70 which means there was a correlation with social isolation
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Allston/Brighton 0.933 .489 .846 .685 .851 .684 .461 .532 .828 .669 .683
Back Bay/Beacon 
Hill 0.747 .791 .808 .654 .94 .405 0.871 .975 .942 .979 .899
Charlestown .746 .627 .442 .805 .854 .875 .811 .873 .969 .860 .956
Downtown .914 .832 .952 .656 .837 .671 .687 .868 .931 .966 .873
East Boston .925 .974 .843 .918 .954 .776 .887 .982 .982 .974 .929
S.A. Martin / International Journal of Disaster Risk Reduction 12 (2015) 53–8060context to the correlation analysis for each neighborhood by
showing the statistically signiﬁcant geographic concentrations of
socially vulnerable people in those neighborhoods. The break-
down of population for each neighborhood and associated social
determinants of vulnerability are listed in Appendix D.7. Results and discussion
Cities have leveraged a number of approaches to understand
risk including basic hazard vulnerability analysis or more ad-
vanced GIS-based analysis, such as HAZUS-US. The gap in many of
these approaches is the exclusion or limited inclusion of social
vulnerability. The Social Determinants of Vulnerability Framework
(The Framework) provides a practical approach to integrate social
vulnerability into existing assessments by leveraging GIS to over-
lay existing risk assessments with the results of the Social De-
terminants of Vulnerability Framework.
The reality of emergencies and traumatic incidents is that they
often times affect an area of a neighborhood and not always the
entire city. Additionally, emergencies affect areas in a city differ-
ently depending on the social factors people face before an
emergency ever occurs. This research indicates that the Social
Determinants of Vulnerability Framework is a promising evidence-informed, practical approach to enhancing social resilience in ci-
ties. The Framework can be used to develop an outline of the
neighborhoods, areas within neighborhoods, and factors of vul-
nerability to focus mitigation, response, and recovery efforts. This
Framework also supports more informed approaches to smaller
scale emergencies. Ultimately, the Framework can support im-
provements to social resilience therefore strengthening our na-
tional health security [50].
7.1. Mitigation
Mitigation is intended to minimize the risks associated with
threats and hazards [52]. The most applicable mitigation cap-
abilities to this research are risk and disaster resilience assess-
ment, community resilience, and long term vulnerability reduc-
tion. Many plans do not identify the people most at-risk for poor
outcomes after emergencies. The plans that do include them, often
merely list them without a clear set of mitigation actions that
would be taken to reduce their risk.
Comprehensive mitigation strategies include incorporating
social vulnerability into risk assessments, which is the most
foundational step in emergency management [15,36,52-54]. The
exclusion from risk assessments increases the likelihood that mi-
tigation, response, and recovery plans will not account for their
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civil rights violations.
Risk reduction strategies include community preparedness
with a focus on building resilience. The core components of social
resilience are physical and psychological health as well as the
social and economic well-being [11]. Cities can increase social re-
silience by working to reduce social isolation. For Boston, Social
Isolation in East Boston, Hyde Park, Mattapan, and Roxbury was
correlated with all social factors of vulnerability. Connecting the
people in these neighborhoods to each other, resources in the
community, and city agencies can reduce social isolation. Ad-
ditionally, Mattapan, Roxbury, and South Dorchester had con-
centrations of vulnerability in speciﬁc census tracts associated
with social isolation, low-to-no income, and people of color, which
are associated with more severe poor outcomes after emergencies.
This information, along with the associated social factors for each
neighborhood provide guidance to Boston leadership for targeting
community resilience efforts to best meet the needs of its re-
sidents. This approach can be applied to any city to accomplish the
same goal. Programs that increase these aspects of resilience can
be focused in neighborhoods, or areas within neighborhoods, with
high levels of social vulnerability in a more informed way.
Mitigation strategies for socially vulnerable populations should
include reducing social isolation, which is the lack of social con-
nectedness or social capital. This goes beyond the individual’s
close social networks to include community-level networks and
institutions, both public and private [27]. City agencies should
develop relationships with the organizations that serve these
communities and populations [50]. Two logical places to begin are
the Boston Housing Authority and MassHousing since they provide
affordable housing to residents within areas that consistently have
higher risk of vulnerability based on the social factors analyzed as
part of this research.
The Boston Social Determinants of Vulnerability Framework
can also inform the manner in which preparedness materials are
made accessible to those with limited English proﬁciency, older
adults, and people with disabilities (particularly sensory dis-
abilities such as those with limited vision and hearing). Ad-
ditionally, resilience messaging can be provided to established
civic leaders trusted by the community, as trust is a necessary
factor in building social capital between individuals, the commu-
nity, and institutions that serve them [16]. These same principles
apply to communications and outreach associated with response
and recovery.
7.2. Response
In this analysis, 16% of the population in Boston lack access to a
vehicle, although the U.S. Census Bureau estimates ﬁnd at least
36% of the population lacking access to a vehicle [46]. Citywide,
the lack of a vehicle was correlated with renters. Within neigh-
borhoods, the lack of a vehicle was often closely related to social
isolation, women, medical illness, and renters. These are key
considerations for evacuating and sheltering people before or after
an emergency. They can inform the types, amount, and locations
for the deployment of necessary transportation assets. In South
Dorchester, people without vehicles also had children and a dis-
ability. Therefore, any transportation provided for people with
disabilities in that neighborhood may need to consider that there
may also be children to transport. In Hyde Park, however, trans-
portation may not be needed to the same degree because 95% of
the population in this neighborhood owns a vehicle.
The social determinants of vulnerability analysis can also in-
form the potential needs of people who may appear in shelters as
well as the location of shelters and resources necessary to trans-
port people without vehicles to these locations. The people likelyto need emergency shelter are those who are socially vulnerable,
particularly those whose circumstances include economic dis-
advantage [21,37]. A shelter in Roxbury would need to be able to
accommodate a high number of children, people who may not
speak English, have disabilities or a medical illness. People work-
ing in these shelters would need to be knowledgeable about and
respectful of the range of cultures because just over half the people
who live there have limited English proﬁciency. Furthermore, de-
cision makers can leverage this information to determine where
the need for most shelters will be so resources can be allocated
more effectively.
7.3. Recovery
Before and after emergencies, cities can leverage the Social
Determinants of Vulnerability Framework analysis to identify po-
pulations that are associated with having a lack of access to post-
incident services, such as the people without vehicles who rent
and live in multi-story or multi-unit buildings, particularly those
who are low-income and people of color [23,48]. Based on the
analysis of literature in this study, exposure to post-incident im-
pacts such as lack of access to post-incident services; displace-
ment; injury, illness, and death; loss of employment; property
damage; and domestic violence are associated with social isola-
tion, low-to-no income, and people of color. For Boston, this means
that Mattapan, Roxbury, and South Dorchester are likely to have
higher exposure to post-incident impacts because these neigh-
borhoods have multiple census tracts with hot spots for social
isolation, low-to-no income, and people of color.
Local government needs to understand the social factors of
vulnerability at the neighborhood level. This knowledge can help
cities identify community and faith-based organizations, city
agencies, and other partners. The most effective partners would be
those that provided services to the affected community before an
emergency as part of mitigation or that have resources that meet
their needs after an emergency. Developing partnerships will also
help create effective post-disaster strategies to reach individuals in
the community to facilitate access to post-incident recovery re-
sources [20].
Based on the Social Determinants of Vulnerability Framework,
those living with low-to-no income are at the highest risk for
negative post-incident outcomes. Blaikie et al. [3] noted that low-
income households have insufﬁcient ﬁnancial reserves for pur-
chasing supplies in anticipation of an event or for buying services
and materials in the aftermath of one. “The impact is likely to
affect them disproportionately, including higher mortality rate” (as
cited in [37], p. 3). Their economic and material losses, while re-
latively less compared to other economic groups, can be devas-
tating because the loss is larger proportional to their total assets
[37]. Having low-to-no income in Boston was associated with so-
cial isolation, less than high school education, people with dis-
abilities, limited English proﬁciency, people of color, and renters.
Nine neighborhoods had hot spots for low-to-no income, Allston/
Brighton, East Boston, Fenway/Kenmore Square, Jamaica Plain
(based on a census track predominantly in Roxbury), Mattapan,
North Dorchester, Roxbury, and South Dorchester. Allston/Bright-
on, Roxbury, and South Dorchester had the most hot spots for low-
to-no income.
This research outlines social factors that result in greater phy-
sical and mental health impacts from stressful or traumatic events.
Culturally appropriate trauma response and mental health services
should be made available to help normalize their acute stress re-
actions and provide coping strategies to reduce the likelihood of
post-traumatic stress syndromes and other mental health illness.
This is a post-incident mitigation strategy that will also improve
their ability to deal with the cumulative stressors in their daily
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vices that are trauma informed, help people address their needs
associated with the emergency, and put people in a position to
improve their pre-disaster circumstances [11].
The Social Determinants of Vulnerability Framework can be
used to focus recovery efforts to improve access to human services
for all members of the community. A disaster recovery center in
the South End would need to have people who speak multiple
languages and people to help with medical needs. This includes
connecting people with the healthcare system to see a doctor that
can help them manage their chronic or acute illnesses [2]. This is
an example of basic actions that can help improve the long-term
quality of life of people and reduce the post-incident outcomes.
Socially vulnerable populations can maintain independence in
their daily lives after an emergency if they have access to the
proper resources. This includes social and physical infrastructure,
such as health and human services, public transportation, and
functioning utility networks such as water, electricity and tele-
communications [17]. The quicker these at-risk groups are con-
nected to supportive services after emergencies, the more they
will be able to maintain independence. Connecting the most vul-
nerable populations to resources also reduces the post-incident
cumulative stressors that can further compound negative public
health outcomes.8. Recommendations
This research indicates the utility of the Social Determinants of
Vulnerability Framework to better understand the relationship
between social factors of vulnerability in cities. This study of social
vulnerability combines a qualitative link analysis and a quantita-
tive analysis to contribute to the social vulnerability, emergency
management, public health preparedness, and disaster risk re-
duction literature.
City leadership can leverage this research to assess emergency
plans to account for the most vulnerable populations, which are
protected by civil rights statutes. They have a legally protected
right to be involved in the planning process, included in the
emergency management plans, and have access to post-incident
services provide by local, state, federal, and nongovernmental or-
ganizations. This reality demands that FEMA provide clearer gui-
dance and support for cities in America to build resilience in
people in addition to the environment and the infrastructure that
supports them. FEMA can further support resilient communities
by incorporating the Social Determinants of Vulnerability Frame-
work analysis into their risk assessment for the Urban Area Se-
curity Initiative (UASI). UASI provides grant funding to many of the
larger American cities and encouraging cities to conduct this
analysis for their jurisdictions. The logical next step after the
analysis, as recommended for Boston, is to assess emergency plans
for alignment with the needs of their communities.
A good model for providing guidance from a federal agency to
partners and funding recipients is a Federal Transit Administra-
tion’s report on civil rights and emergency preparedness [35]. This
report provides guidance on practices that help transit authorities
understand the populations in their communities, their civil rights,
and provide considerations for evacuation. The Social Determi-
nants of Vulnerability Framework is a tool that can be used to
develop a similar report. Additionally, FEMA and HHS can partner
with the Federal Transit Administration to develop similar gui-
dance for American cities.
The U.S. Department of Homeland Security and the U.S. De-
partment of Health and Human Services can use the Social De-
terminants of Vulnerability Framework to partner with cities to
develop a similar report that also includes evidence-informedrecommendations for community engagement and inclusive
planning that will be tied to funding. This requires that emergency
management and public health work closely together to develop a
roadmap for how they are going to increase their cities’ social
resilience, one of several dimensions of resilience that is often
overlooked.
This research should be continued for the City of Boston to
further explore each neighborhood and better deﬁne the speciﬁc
mitigation, response, and recovery actions that can be taken
within the neighborhoods of Boston. In the next iterations of this
research, the actual U.S. Census Bureau data for people without
vehicles should be used and hot spot analysis should be conducted
for each of the most vulnerable groups identiﬁed in the neigh-
borhood correlation analyses to locate their concentrations at the
neighborhood level. Additionally, the results of the analysis can be
used to identify the organizations that interact with the most
vulnerable populations.
There has been some action by emergency managers to address
the needs of people with disabilities, primarily in emergency
sheltering and evacuation, as the result of Los Angeles and New
York City being sued for a lack of inclusive plans under the
Americans with Disabilities Act [44]. The Social Determinants of
Vulnerability Framework (see Appendix A) was developed to
identify the relationship between social factors that increase vul-
nerability in order to support inclusive emergency planning and
better understanding of the complex social circumstances of
people in the community. The social characteristics that are most
interconnected include all of the legally protected classes pre-
viously described. Instead of waiting for lawsuits, cities can take
action now by using the Framework to identify the neighborhoods
that have higher concentrations of vulnerable populations and
partner with them to work towards plans that meet their needs
and more efﬁciently manage limited resources. Public engagement
in emergency management provides people with a voice in deci-
sions that impact them and fosters resilience [50]. In fact, public
engagement combats low-decision latitude (lack of control over
decisions made that impact them) which is one of the major
stressors linked to poor physical and mental health outcomes [26].9. Conclusions
In emergency management, it is easy to become distracted by
the gadgets, consultants, and the next new technology. It is im-
portant that local government does not lose sight of the funda-
mental purpose of emergency management: to protect people. We
have consistently witnessed the devastating impacts of emergen-
cies and large scale disasters on socially vulnerable Americans.
History has shown that socially vulnerable populations are dis-
proportionately impacted by disasters. These groups experience
disproportionate suffering, particularly from public health and
safety impacts such as injuries, death, and a decreased likelihood
of recovery [14,21,22]. Their social circumstances are complicated.
However, current emergency plans and risk assessments primarily
focus on physical and environmental infrastructure [34]. These
plans and assessments lack analysis of the social conditions and
characteristics of vulnerable individuals who need to be in-
corporated into mitigation, response, and recovery planning.
Identifying and understanding the concentrations of speciﬁc
segments of socially vulnerable populations informs risk assess-
ment and focuses preparedness efforts to reduce the incidence of
injuries and death in emergencies. “Planning is a process to
manage risk” [18,19]. Emergency plans are based on risk assess-
ments, which are a foundational component of both comprehen-
sive emergency management programs and the national
preparedness mission areas of prevention, protection, mitigation,
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populations within the risk management process ensures they are
part of emergency planning and resilience processes. It is crucial
that social vulnerability is included as part of a jurisdiction’s risk
assessment to direct mitigation efforts in cities. This inclusion
results in a higher likelihood that mitigation efforts go beyond
building and environmental strategies and include approaches to
increase the resilience of people and communities. It should also
be noted that it is the inter-relationship between social char-
acteristics, rather than an individual characteristic, that provides a
more accurate picture of vulnerability.
Based on this research, vulnerability varies across Boston
neighborhoods. Despite these challenges, we have signiﬁcant op-
portunities for improvement to move away from inequities in
preparedness efforts caused by the false assumption of a “general
population” and towards planning that reﬂects the social condi-
tions, characteristics, and needs of our communities. This research
presents the Social Determinants of Vulnerability Framework as a
new and practical tool to support strengthening national health
security and increase social equity in mitigation, response, and
recovery. The Framework supports local government’s ability to
identify the most vulnerable populations and use the informationFig. Ato develop informed approaches to engage community organiza-
tions and members in the emergency planning process. The ap-
plication of the Framework is a platform to catalyze the equitable
development and execution of emergency plans that protect the
rights of all people in our communities. Rather than waiting for
people to suffer after an emergency and incur the economic and
public health costs, using the Social Determinants of Vulnerability
Framework is an investment in understanding social vulnerability
to support building social resilience in our communities.Acknowledgments
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S
P
OPrimary attribute Associated attributes Totalocial Isolation Chronic and Acute Medical Illness 1
College/University Student Housing 1
Commuters 1
High-Crime Areas 1
Lack of Citizenship/Legal Status 1
Lack of Public Transportation 1
Less than High School Diploma 1
Limited English Proﬁciency 1
Living Alone 1
Low Political Engagement 1
Low Voter Turnout 1
Low-to-No Income 1
Older Adults (65 and older) 1
People of Color 1
Physical/Mobility Disability 1
Primary/Sole Caregiver 1
Psychological Illness 1
Single Parent 1
Tourists 1
Unemployed 1
Unmarried/Single 1ocial Isolation Total 21
eople with Disabilities Black 1Children 1
Chronic and Acute Medical Illness 1
Cognitive/Developmental Disability 1
Dependence/Reliance on Others 1
Guardian 1
Homebound 1
Lack of Vehicle 1
Less than High School Diploma 1
Living Alone 2
Low-to-No Income 1
Nursing Home 1
Older Adults (65 and older) 1
Physical/Mobility Disability 1
Primary Care Giver 1
Renter 1
Sensory Disability 1
Social Isolation 1eople with Disabilities Total 19Plder Adults (65 and older) Black 1
Chronic and Acute Medical Illness 1
Cognitive/Developmental Disability 1
Dependence/Reliance on Others 1
Guardian 1
Lack of Vehicle 1
Less than High School Diploma 1
Living Alone 1
Low-to-No Income 1
Nursing Home 1
Physical/Mobility Disability 1
Primary Care Giver 1
Renter 1
Sensory Disability 1
LC
C
P
S.A. Martin / International Journal of Disaster Risk Reduction 12 (2015) 53–8066Social Isolation 1
lder Adults (65 and older) Total 15Oow-to-No Income Chronic and Acute Medical Illness 1
Homeless 1
Lack of Healthcare 1
Lack of Vehicle 1
Lesbian, Gay, Bisexual, and Transgender 1
Older Adults (65 and older) 1
People of Color 1
People with Disabilities 1
Primary/Sole Caregiver 1
Single Parent 1
Social Isolation 1
Women 1ow-to-No Income Total 12Lhildren Chronic and Acute Medical Illness/Disease 1
Cognitive/Developmental 1
Daycare Centers/Schools 1
Home Alone 1
Homeless or Runaway 1
Institutionalized Settings 1
Limited English Proﬁciency 1
Low-to-No Income 1
People of Color 1
Physical/Mobility Disability 1
Psychiatric Disorders 1
Refugee or Immigrant 1hildren Total 12Chronic and Acute Medical Illness Alcohol Dependency 1
Assisted Living Facilities 1
Drug Dependency 1
Group Homes 1
Homebound 1
Homeless 1
Nursing Home 1
Psychological Illnes 1
Residential Care Facilities 1
Social Isolation 1hronic and Acute Medical Illness Total 10Ceople of Color Asian 1
Black 1
Children 1
Displacement 1
Lack of Health Insurance 1
Latino/Hispanic 1
Low-to-No Income 1
Multi-Story/Unit Buildings 1
Native American 1
Social Isolation 1eople of Color Total 10PAppendix C. : Hot Spot Maps for each Social Determinant of Vulnerability
See Fig C1, Fig C2, Fig C3, Fig C4, Fig C5, Fig C6, Fig C7, Fig C8, Fig C9, Fig C10, Fig C11, Fig C12.
Appendix D. : Sum and Percentage of Neighborhood Populations by Social Determinants of Vulnerability
See Table D1 and Table D2.
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Table D1
Sum of neighborhood populations.
Community 2010 po-
pulation
2010 census
tract count
Social
isolation
Disability Children Older
adults
Low-to-
no
income
Limited
English
Less than
high
school
People
of color
Women Renters Medical
illness
No ve-
hicle
Allston/
Brighton
75,009 18 7745 6187 4585 6087 20,965 27,052 4243 25,433 35,267 24,175 29,152 12,192
Back Bay/
Beacon
Hill
22,601 9 3123 1044 1906 2761 2555 5316 231 3643 11,097 8766 9480 7048
Charlestown 16,439 6 2502 1535 3301 1811 4157 5968 1296 3981 7519 4314 6461 1967
Downtown 30,023 9 4101 2602 2016 4075 6783 10,858 2731 9424 14,011 11,128 12,400 9226
East Boston 40,517 14 5926 5180 8665 4147 13,698 17,845 9159 25,459 14,874 10,624 14,825 5754
Fenway/
Kenmore
41,788 10 3473 2738 646 2063 11,177 13,240 691 14,449 22,155 13,243 15,988 10,296
Harbor
Islands
535 1 – 179 – 12 349 361 66 370 108 – 231 –
Hyde Park 32,317 8 4904 3824 6954 4174 5724 9898 3147 23,189 13,407 4930 12,458 2065
Jamaica
Plain
42,160 15 5801 4222 6270 4094 14,470 18,564 2785 19,153 19,222 11,718 16,450 6404
Mattapan 33,682 8 6230 5969 9638 3869 11,881 15,750 4910 32,118 14,236 7649 12,453 4105
North
Dorchester
28,452 8 4251 3702 6389 2277 10,417 12,694 4327 18,847 11,489 7484 10,355 3868
Roslindale 32,246 10 4922 4077 7146 3845 6817 10,662 2925 16,661 14,029 6366 12,507 2659
Roxbury 66,070 20 12393 10,423 16,689 5800 27,688 33,488 9042 59,164 26,950 18,388 24,013
South
Boston
33,674 13 5006 2987 4855 3233 8181 11,414 2497 7136 15,433 9719 13,507 4701
South
Dorchester
58,937 14 9458 8730 14,589 6234 16,148 22,382 8637 43,663 23,756 12,545 21,448 6398
South End 32,708 10 5376 4318 4908 3340 11,554 14,894 3669 16,451 13,652 11,137 12,825 8089
West
Roxbury
30,445 7 4773 2984 6102 5365 3495 8860 1384 8143 13,434 4723 12,386 1341
Grand Total 617,603 180 89,984 70,701 104,659 63,187 176,059 239,246 61,740 327,284 270,639 166,909 236,938 96,764
Table D2
Percentages for neighborhood populations.
Community 2010 popu-
lation (%)
2010 cen-
sus tract
count (%)
Social
isolation
(%)
Disability
(%)
Children
(%)
Older
adults
(%)
Low-to-
no in-
come
(%)
Limited
English
(%)
Less than
high
school
(%)
People
of col-
or (%)
Women
(%)
Renters
(%)
Medical
illness
(%)
No ve-
hicle
(%)
Allston/
Brighton
12.15 10.00 10.33 8.25 6.11 8.12 27.95 36.07 5.66 33.91 47.02 32.23 38.86 16.25
Back Bay/
Beacon
Hill
3.66 5.00 13.82 4.62 8.43 12.22 11.30 23.52 1.02 16.12 49.10 38.79 41.94 31.18
Charlestown 2.66 3.33 15.22 9.34 20.08 11.02 25.29 36.30 7.88 24.22 45.74 26.24 39.31 11.97
Downtown 4.86 5.00 13.66 8.67 6.71 13.57 22.59 36.17 9.10 31.39 46.67 37.06 41.30 30.73
East Boston 6.56 7.78 14.63 12.78 21.39 10.24 33.81 44.04 22.61 62.84 36.71 26.22 36.59 14.20
Fenway/
Kenmore
6.77 5.56 8.31 6.55 1.55 4.94 26.75 31.68 1.65 34.58 53.02 31.69 38.26 24.64
Harbor
Islands
0.09 0.56 0.00 33.46 0.00 2.24 65.23 67.48 12.34 69.16 20.19 0.00 43.09 0.00
Hyde Park 5.23 4.44 15.17 11.83 21.52 12.92 17.71 30.63 9.74 71.75 41.49 15.26 38.55 6.39
Jamaica
Plain
6.83 8.33 13.76 10.01 14.87 9.71 34.32 44.03 6.61 45.43 45.59 27.79 39.02 15.19
Mattapan 5.45 4.44 18.50 17.72 28.61 11.49 35.27 46.76 14.58 95.36 42.27 22.71 36.97 12.19
North
Dorchester
4.61 4.44 14.94 13.01 22.46 8.00 36.61 44.62 15.21 66.24 40.38 26.30 36.40 13.59
Roslindale 5.22 5.56 15.26 12.64 22.16 11.92 21.14 33.06 9.07 51.67 43.51 19.74 38.79 8.25
Roxbury 10.70 11.11 18.76 15.78 25.26 8.78 41.91 50.69 13.69 89.55 40.79 27.83 36.35 16.12
South
Boston
5.45 7.22 14.87 8.87 14.42 9.60 24.29 33.90 7.42 21.19 45.83 28.86 40.11 13.96
South
Dorchester
9.54 7.78 16.05 14.81 24.75 10.58 27.40 37.98 14.65 74.08 40.31 21.29 36.39 10.86
South End 5.30 5.56 16.44 13.20 15.01 10.21 35.32 45.54 11.22 50.30 41.74 34.05 39.21 24.73
West
Roxbury
4.93 3.89 15.68 3.00 20.04 17.62 11.48 29.10 4.55 26.75 44.13 15.51 40.68 4.40
Grand Total 100 100 15 11.45 16.95 10.23 28.51 38.74 10.00 52.99 43.82 27.03 38.36 15.67
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